Introduction
============

Visceral disease is a clinical manifestation of metastatic castration-resistant prostate cancer (mCRPC) with predominant lung and liver involvement. Subgroup analyses of recent clinical trials show that patients with visceral disease at baseline have particularly poor outcomes independent of the treatment assignment, with visceral disease identified as a negative prognostic factor. For example, in the TAX 327 study, which compared docetaxel plus prednisone versus mitoxantrone plus prednisone, median overall survival (OS) for all patients was 13.1 months for men with visceral disease compared with 18.9 months for those with only bone and/or nodal involvement.^[@bib1]^ In CALGB 90401, which evaluated the benefit of adding bevacizumab to docetaxel and prednisone, the median OS for all patients was 14.4 months in patients with baseline liver metastases compared with 22.6 months in those without such metastases.^[@bib2]^ On the basis of comparable findings, visceral disease, or in some instances liver metastases, specifically, has been included in contemporary prognostic models.^[@bib3],\ [@bib4],\ [@bib5]^ Prognostic modeling using TAX 327 data has shown visceral disease to be highly associated with decreased post-progression survival following first-line chemotherapy in men with mCRPC,^[@bib4]^ with liver metastases exhibiting more influence than overall visceral disease.^[@bib3]^ However, visceral disease did not achieve multivariate significance because hepatic metastasis was underrepresented.^[@bib3]^ Similarly, in their original report, Halabi *et al.*^[@bib5]^ showed that visceral metastases were predictive of OS, based on univariate but not multivariate analysis. In a more recent analysis of the large (*n*=1901 patients) denosumab versus zoledronic acid phase III study,^[@bib6]^ however, visceral metastases were found to be an independent prognostic factor in men with bone metastases from CRPC.^[@bib7]^ The Prostate Cancer Clinical Trials Working Group 2 (PCWG2) defines clinical subtypes based on patterns of disease spread, thus identifying patients with visceral disease with or without spread at other sites (subtype 5) as having the worst prognosis.^[@bib8]^

The prevalence of visceral disease in mCRPC is estimated at 5--24% based on study participants in first-line mCRPC studies performed prior to the approval of sipuleucel-T,^[@bib9],\ [@bib10],\ [@bib11]^ and 8--15%^[@bib8],\ [@bib12]^ based on post-chemotherapy trials. The relative importance of specific sites of visceral involvement is not clearly defined historically, but the most prevalent locations of visceral disease are the liver and lungs. In some instances, however, sites of metastatic disease are sometimes reported only for the liver, lungs and/or soft tissue (including nodal disease), and not specifically as visceral disease.^[@bib8]^ According to the PCWG2 recommendations, the presence or absence of nodal disease and visceral disease at baseline as well as the post-treatment outcomes achieved in these subgroups should be reported separately.^[@bib8]^ Notably, visceral disease is common in advanced prostate cancer, with one large autopsy series of 1589 prostate cancer patients reporting liver metastases in 25% and lung involvement in 46% of patients.^[@bib13]^

Abiraterone acetate (AA) is a selective androgen biosynthesis inhibitor that blocks cytochrome P450 c17 (CYP17) to inhibit adrenal and intratumoral androgen synthesis.^[@bib14],\ [@bib15]^ In the phase III COU-AA-301 trial, AA plus prednisone significantly improved OS in mCRPC patients previously treated with docetaxel, with an absolute median survival benefit of 4.6 months compared with prednisone alone (hazard ratio (HR)=0.74; *P*\<0.0001).^[@bib16]^ These results led to the approval of AA plus prednisone for the treatment of mCRPC patients in more than 80 countries worldwide. The indication for AA plus prednisone was recently expanded to include mCRPC patients who had not received prior chemotherapy based on the results of a subsequent phase III study (COU-AA-302).^[@bib17]^

The objective of the present *post hoc* exploratory analysis of the COU-AA-301 trial was to determine whether the clinical benefits of AA plus prednisone on OS and other outcomes is maintained in post-docetaxel mCRPC patients with visceral disease compared with those patients with only bone and/or nodal involvement.

Materials and methods
=====================

Study population
----------------

Eligibility criteria for COU-AA-301 were described previously.^[@bib16],\ [@bib18]^ Briefly, men with mCRPC were eligible if they had progressive disease following medical (luteinizing hormone-releasing analog therapy) or surgical castration and one or two regimens of prior cytotoxic chemotherapy, one of which included docetaxel. Eligibility required histological and cytological confirmation of adenocarcinoma of the prostate without neuroendocrine differentiation or small cell histology, and documented progression in PSA according to Prostate Cancer Working Group criteria, radiographic progression in bone or soft tissue according to the Response Evaluation Criteria in Solid Tumors (RECIST), or both PSA and radiographic progression. Metastatic disease was documented by bone scan, computed tomography or magnetic resonance imaging. Patients continued to receive ongoing androgen deprivation to maintain castrate serum testosterone levels \<50 ng dl^−1^, and had Eastern Cooperative Oncology Group (ECOG) performance status scores of ⩽2. All patients provided written informed consent prior to participating in the study.

Study design and treatment
--------------------------

COU-AA-301 was a phase III, multinational, randomized, double-blind placebo-controlled study comparing AA plus prednisone versus prednisone in men with mCRPC who had progressed post-docetaxel (Clinical Trials.gov identifier NCT00638690).^[@bib16],\ [@bib18]^ Patients were enrolled from May 2008 through July 2009 at 147 sites in 13 countries, and randomly assigned in a 2:1 ratio to treatment with AA 1000 mg, taken once daily, plus prednisone or prednisone plus placebo. Patients in both groups received prednisone 5 mg twice daily. The randomization was stratified by ECOG performance status (0--1 versus 2), pain (present versus absent), number of prior chemotherapy regimens (one versus two) and type of progression (PSA only versus radiographic/PSA). The primary end point was OS, and prespecified secondary end points included radiographic progression-free survival (rPFS), PSA response rate, objective response rate (ORR) and time to PSA progression. The definition of each end point has been described previously.^[@bib18]^ The study was approved by review boards at all participating institutions, and was conducted in accordance with the Declaration of Helsinki and the Good Clinical Practice Guideline of the International Conference on Harmonisation.

The current *post hoc* exploratory analysis was conducted in the subset with visceral disease, which included patients with liver, lungs or other soft tissue metastases at baseline, whether or not bone or nodal sites of disease were also present. Patients with both liver and lung metastases were included in the overall visceral disease population. The subset without visceral disease included patients with only bone and/or nodal sites of metastases. Visceral disease was defined according to the modified RECIST, with visceral lesions ⩾1.0 cm in one dimension using spiral computed tomography considered target lesions. Outcome comparisons between these groups included OS and secondary end points.

Statistical analysis
--------------------

The distributions of time-to-event variables were estimated using the Kaplan--Meier product limit method. The primary analysis for comparisons between treatments was conducted using the stratified log-rank test, with a Cox model used to obtain the HR and its associated 95% confidence intervals (CIs). The *χ*^*2*^ test was used in the treatment comparison of response rates.

Results
=======

Patient characteristics
-----------------------

In COU-AA-301, a total of 1195 patients were randomized to study treatment---797 to AA plus prednisone and 398 to prednisone. The visceral disease subset comprised 352 patients (29.5% of the study cohort), 253 in the AA plus prednisone arm (31.7%) and 99 in the prednisone arm (24.9%) ([Table 1](#tbl1){ref-type="table"}). In the visceral disease subset (*n*=352), 88 (25%) had liver only metastases, 120 (34%) had lung only metastases, 30 (9%) had both liver and lung metastases and 114 (32%) had visceral disease not involving the liver or lungs. Of these, 62 patients had visceral disease including prostate mass, 54 patients had visceral disease including other viscera that was widely dispersed at various sites throughout the body (bladder, *n*=4; adrenal gland, *n*=2; all other sites, *n*=1) and two patients had both prostate mass and other visceral involvement. To evaluate the specific impact of the site of disease, additional analysis was performed for the liver metastases and lung metastases groups. Patients with visceral disease, particularly those with liver metastases, had more clinically significant pain and higher baseline PSA, lactate dehydrogenase and ECOG performance status 2 compared with patients without visceral disease ([Table 1](#tbl1){ref-type="table"}).

The median duration of treatment with AA plus prednisone was 5.5 months (range: 0.2--24.1) compared with 3.1 months (range: 0.4--23.9) for prednisone in the visceral disease subset. The corresponding median durations of treatment in the subset without visceral disease were 8.2 months (range: 0.2--25.6) and 3.7 months (range: 0.1--24.9), respectively (data not shown).

Outcomes
--------

Treatment with AA plus prednisone reduced the risk of death by 21% and 31% in patients with visceral disease or without visceral disease, respectively ([Table 2](#tbl2){ref-type="table"}). In the subset with visceral disease, median OS was 12.9 months with AA plus prednisone compared with 8.3 months with prednisone. Although there was a similar HR for superior survival with AA plus prednisone in the visceral disease group, this difference did not reach statistical significance due to the much smaller sample size (HR=0.79; 95% CI: 0.60--1.05; *P*=0.102) ([Figure 1a](#fig1){ref-type="fig"}). The corresponding median OS values in the subset without visceral disease were 17.1 months with AA plus prednisone and 12.3 months with prednisone (HR=0.69; 95% CI: 0.58--0.83; *P*\<0.0001). The magnitude of the median survival benefit with AA plus prednisone compared with prednisone was similar in patients with visceral disease at baseline and those without visceral disease.

Treatment with AA plus prednisone significantly reduced the risk of radiographic progression or death by 40% and 32% in patients with visceral disease or without visceral disease, respectively ([Table 2](#tbl2){ref-type="table"}). Median rPFS was 5.6 months with AA plus prednisone compared with 2.8 months with prednisone in the visceral disease subset (HR=0.60; 95% CI: 0.46--0.78; *P*=0.0002), and 5.9 months and 5.1 months, respectively, in the subset without visceral disease (HR=0.68; 95% CI: 0.58--0.80; *P*\<0.0001) ([Figure 1b](#fig1){ref-type="fig"}). The HR in the subset with visceral disease (0.60) was superior to that in the subset without visceral disease (0.68), which is likely a statistical artifact. Caution should be used in interpreting these results, as this was a secondary end point of the study and rPFS was not centrally reviewed. ORR and PSA response rates were also significantly higher with AA plus prednisone compared with prednisone in the visceral disease subset as well as in the subset without visceral disease ([Table 2](#tbl2){ref-type="table"}).

Next, we examined the prognostic and predictive impact of metastatic disease distribution. As described above, the visceral disease subset included 118 patients with liver metastases and 150 patients with lung metastases. Median OS was markedly shorter in the patients with liver metastases compared with lung metastases in the combined treatment groups (6.7 versus 12.0 months; HR (treatment effect: AA over prednisone)=0.85; 95% CI: 0.60--1.22). However, median OS benefit was extended in both the subsets by treatment with AA plus prednisone compared with prednisone: 7.3 versus 4.0 months in patients with liver metastases and 13.9 versus 7.9 months in patients with lung metastases ([Table 3](#tbl3){ref-type="table"}). AA plus prednisone produced objective responses in three patients (4.1%) with liver metastases and nine patients (12.2%) with lung metastases, including patients who had coexistent liver and lung disease, whereas none of the patients with liver or lung metastases responded to prednisone alone.

An assessment of the development of progressive visceral disease at the time of general progression showed that the most common location of new visceral disease in this setting was in the liver, followed by the lung. The proportion of those with progression of baseline visceral metastases versus new visceral involvement cannot be discerned from the available data. Any difference between the AA plus prednisone group versus the prednisone group is difficult to interpret as the AA plus prednisone group had a higher percentage of patients with baseline visceral metastases and underwent a longer period of trial participation than the prednisone-treated patients.

Safety and tolerability
-----------------------

The incidence of grade 3/4 adverse events was similar among patients with or without visceral disease at baseline, and did not differ between treatment arms in either subset (62% with AA plus prednisone and 65% with prednisone in the visceral disease subset, and 60% in each treatment arm in the subset without visceral disease). Adverse events of special interest observed more frequently in patients treated with AA plus prednisone ([Table 4](#tbl4){ref-type="table"}) were similar to those reported previously for the entire study cohort.^[@bib16]^ The incidence of liver function test (LFT) abnormalities was higher in both treatment arms of patients with liver metastases compared with patients without liver metastases.

Discussion
==========

Visceral disease has long been considered a negative prognostic factor in mCRPC. However, in older studies of the disease, visceral disease was not defined, nor was the impact of specific sites of involvement clearly delineated. Despite this, a working understanding of visceral disease in prostate cancer as non-nodal, soft tissue disease has emerged. With the cohort described here, which includes a substantial number of patients with as well as without visceral disease, we have an opportunity to gain additional insight into the natural history of visceral disease in mCRPC.

The findings of this study confirm the prognostic importance of visceral disease in mCRPC. With the additional evaluation of the impact of the site of visceral involvement, liver metastases are shown to have a greater negative prognostic effect than lung disease. This finding is consistent with those of contemporary clinical trials, such as CALGB 90401 and TAX 327, which showed that visceral disease, particularly liver metastases, is an adverse prognostic factor in mCRPC patients regardless of treatment.^[@bib1],\ [@bib2]^ This is also consistent with other urologic tumors such as testis cancer, with its well-defined prognostic scale emphasizing nonpulmonary visceral metastases as an independent and potent driver of poor prognosis.^[@bib19]^

Although visceral disease has a negative prognostic effect, it is not predictive of the response to AA or of resistance to AA, even in patients with advanced disease who fit the definition of CRPC. Median OS was extended by 4.6 months in the visceral disease subset and by 4.8 months in the subset without visceral disease. Assessing by site of involvement, benefit of AA was observed in patients with either lung or liver metastases as shown by improvement in OS from 7.9 to 13.9 months and from 4.0 to 7.3 months, respectively. Likewise, the ORR was significantly higher in the patients treated with AA in both the group with lung metastases and the group with liver metastases. In addition, in a recently reported study of the androgen receptor signaling inhibitor enzalutamide in a study population similar to that of COU-AA-301, the use of enzalutamide was associated with a higher PSA response rate and improved rPFS and OS in patients with or without visceral (liver and lung) involvement.^[@bib20]^ These findings support the recognition of the prognostic importance of visceral disease (especially liver involvement) in the design of future mCRPC trials as a stratification factor, but not an exclusion criterion, to ensure proportional representation during randomization of subjects. It should be noted that in patients without prior chemotherapy, in Study COU-AA-302,^[@bib17]^ patients with visceral disease were excluded, whereas in the PREVAIL study of enzalutamide these patients were included.^[@bib21]^ Besides these insights into the natural history of visceral disease in mCRPC, specific findings pertinent to the use of AA are also recognized. The present analysis shows that AA plus prednisone has meaningful efficacy and provides comparable clinical benefit in mCRPC patients with visceral disease at baseline and in those without visceral disease, as evidenced by improvements in ORR, PSA response rate and rPFS.

The safety and tolerability of AA in mCRPC patients with visceral disease were similar to those reported previously for the entire study cohort. Adverse events were predominantly grade 1 or 2, and no differences in the incidence of grade 3/4 adverse events were observed between the subsets with or without visceral disease, or between treatment arms within these subsets. Moreover, adverse events that were mechanism based and secondary to mineralocorticoid excess resulting from CYP17 blockade, including fluid retention, hypokalemia and hypertension---although more common with AA plus prednisone than with prednisone---occurred at similar rates in patients with or without visceral disease. The incidence of LFT abnormalities was higher in both treatment arms of patients with liver metastases versus those without liver metastases, thereby suggesting a direct influence of metastatic disease to the liver on the LFT abnormalities in some of these patients (18.1% versus 9.6%, respectively). AA has been associated with the development of LFT abnormalities, and a higher incidence of LFT abnormalities would be anticipated in patients with visceral disease who received AA. Overall, the presence of visceral disease at baseline does not negatively impact the safety and tolerability profile of AA. As in the entire study cohort, adverse events were easily managed and reversible in the subset with visceral disease.

It should be noted that patients with neuroendocrine differentiation were explicitly excluded from this study, so we were not able to assess the visceral disease progression in patients with a distinct anaplastic phenotype. Further studies in the mCRPC population would be of interest to determine the response to AA and any relation to PSA levels. In addition, this was a *post hoc* analysis with reduced number of patients for the visceral disease subsets that did not allow for valid determination of statistical differences in response based on PSA levels.

In summary, these data indicate that AA plus prednisone is an active therapeutic option for mCRPC patients, including those with more advanced disease associated with the presence of liver and/or lung metastases. Nevertheless, additional treatments are needed to improve the poor prognosis of mCRPC patients with liver metastases.
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###### Baseline characteristics of the entire study cohort and the subsets with and without visceral disease

  *Baseline characteristics*                                                                  *All patients*   *Patients with visceral disease*   *Patients without visceral disease*                                
  ------------------------------------------------------------------------------------------ ---------------- ---------------------------------- ------------------------------------- ------------- --------------- ----------------
  Age (years): median (range)                                                                  69 (42--95)               69 (39--90)                          69 (42--88)               69 (50--88)   69.5 (45--95)    69 (39--90)
                                                                                                                                                                                                                             
  *Extent of disease, n (%)*                                                                                                                                                                                         
   Bone                                                                                          710 (89)                  358 (90)                            218 (86)                   87 (88)       492 (91)         271 (92)
   Node                                                                                          361 (45)                  164 (41)                            124 (49)                   44 (44)       237 (44)         120 (41)
   Liver                                                                                         89 (11)                    29 (8)                              89 (35)                   29 (29)           0               0
   Lung                                                                                          105 (13)                  45 (11)                             105 (42)                   45 (46)           0               0
                                                                                                                                                                                                                             
  Significant pain present, *n* (%)[a,](#t1-fn2){ref-type="fn"}[b](#t1-fn3){ref-type="fn"}       357 (45)                  179 (45)                            123 (49)                   50 (51)       234 (43)         129 (43)
  ECOG PS 2, *n* (%)                                                                             82 (10)                   45 (11)                              31 (12)                   16 (16)        51 (9)          29 (10)
  2 prior chemotherapy regimens, *n* (%)[a](#t1-fn2){ref-type="fn"}                              240 (30)                  123 (31)                             79 (31)                   34 (34)       161 (30)         89 (30)
  Radiographic progression, *n* (%)[a](#t1-fn2){ref-type="fn"}                                   559 (70)                  273 (69)                            196 (78)                   68 (69)       363 (67)         205 (69)
  Gleason score at initial diagnosis, *n* (%)                                                   (*n*=697)                 (*n*=350)                            (*n*=217)                 (*n*=86)       (*n*=480)       (*n*=264)
   ⩽7                                                                                            341 (49)                  161 (46)                            103 (47)                   39 (45)       238 (50)         122 (46)
   ⩾8                                                                                            356 (51)                  189 (54)                            114 (53)                   47 (55)       242 (50)         142 (54)
  PSA (ng ml^−1^), median (range)                                                               (*n*=788)                 (*n*=393)                           (*n* =248)                 (*n*=98)       (*n*=540)       (*n*=295)
                                                                                                  128.8                     137.7                               153.30                    178.50         123.80           129.20
                                                                                               (0.4--9253)              (0.6--10 114)                         (0.7--9253)               (0.6--5310)    (0.4--5906)    (3.2--100 114)
  Median hemoglobin, g dl^−1^ (range)                                                              11.8                      11.8                                11.5                      11.5           11.9             11.9
                                                                                               (7.3--16.1)               (7.2--16.5)                          (7.3--15.1)               (7.2--16.4)    (8.1--16.1)     (8.1--16.5)
  Median LDH, IU l^−1^ (range)                                                                     223                       238                                  250                       281            215             227
                                                                                                (84--3373)               (123--5125)                          (98--3373)                (127--1400)    (84--2145)      (123--5125)
  Baseline CTC, median (range)                                                                 5 (0--2055)                6 (0--979)                          5 (0--202)                9 (0--979)     5 (0--2055)      6 (0--253)

Abbreviations: AA, abiraterone acetate; CTC, circulating tumor cells; ECOG PS, Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; P, prednisone.

Includes two patients with outliers subsequently removed from analysis.

Brief Pain Inventory-Short Form score of 4--10 for worst pain over the previous 24 h.

###### Outcomes in patients with and without visceral disease at baseline

  *Outcome*                                   *Patients with visceral disease*   *Patients without visceral disease*                                    
  ------------------------------------------ ---------------------------------- ------------------------------------- ------------------- ------ ------ -------------------
  *Overall survival*                                                                                                                                    
   Median, months                                           12.9                                 8.3                        0.1022         17.1   12.3       \<0.0001
   HR (95% CI)                                                                                                         0.79 (0.60--1.05)                 0.69 (0.58--0.83)
                                                                                                                                                                  
  *Radiographic progression-free survival*                                                                                                              
   Median, months                                           5.6                                  2.8                        0.0002         5.9    5.1        \<0.0001
   HR (95% CI)                                                                                                         0.60 (0.46--0.78)                 0.68 (0.58--0.80)
  PSA response rate, %                                       28                                   7                        \<0.0001         30     5         \<0.0001
  Objective response rate, %                                 11                                   0                         0.0058          19     5          0.0010
   Relative risk (95% CI)                                                                                                     NE                         3.51 (1.53--8.04)

Abbreviations: AA, abiraterone acetate; CI, confidence interval; HR, hazard ratio; NE, not estimable; P, prednisone.

###### Outcomes in patients with visceral disease by site

  *Outcome*                                           *AA+P*              *P*
  ------------------------------------------------- ----------- ------ ----------
  *Lung metastases*                                  (*n*=105)          (*n*=45)
    Median OS, months                                            12.0       
                                                       13.9               7.9
    Median rPFS, months                                          3.8        
                                                        5.6               2.8
    PSA response rate, %                               28.6               6.7
  *Liver metastases*                                 (*n*=89)           (*n*=29)
    Median OS, months                                            6.7        
                                                        7.3               4.0
    Median rPFS, months                                          2.8        
                                                        2.8               2.8
    PSA response rate, %                               13.5               3.5
  *Measurable disease*[a](#t3-fn2){ref-type="fn"}                      
   Lung metastases                                   (*n*=74)           (*n*=27)
    ORR, %                                             12.2                0
   Liver metastases                                  (*n*=73)           (*n*=23)
    ORR, %                                              4.1                0

Abbreviations: AA, abiraterone acetate; ORR, objective response rate; OS, overall survival; P, prednisone; rPFS, radiographic progression-free survival.

At baseline.

###### Incidence (any grade) of adverse events of special interest

  *Incidence, %*                                  *Patients with liver metastases*   *Patients without liver metastases*         
  ---------------------------------------------- ---------------------------------- ------------------------------------- ------ ------
  Fluid retention/edema                                         36.4                                28.6                   32.6   23.5
  LFT abnormalities[a](#t4-fn2){ref-type="fn"}                  19.3                                14.3                   10.2   8.5
  Cardiac disorders                                             15.9                                 7.1                   15.9   12.0
  Hypokalemia                                                   15.9                                 7.1                   18.3   9.3
  Hypertension                                                  3.4                                   0                    12.1   8.7

Abbreviations: AA, abiraterone acetate; LFT, liver function test; P, prednisone.

Higher incidence of LFT abnormalities is to be expected in patients with liver involvement.

[^1]: These authors contributed equally to this work.
